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Figure 1. Participant in a BioBlitz records bird observation (Source: Jo Somerfield)
 
Citizen Science is defined as the participation of non-professional volunteers in scientific projects (Dickson et al, 2010) and has experienced rapid growth over the
past decade. The projects that are emerging in this area range from contributory projects, co-created projects, collegiate projects, which are initiated and run by a
group of people with shared interest, without any involvement of professional scientists.  
In many citizen science projects, GIS&T is enabling the collection, analysis, and visualisation of spatial data to affect decision-making. Some examples may include:
Recording the location of invasive species or participating in a BioBlitz to record local biodiversity (Figure 1).
Measuring air quality or noise over a large area and over time to monitor local conditions and address them
Using tools to educate on and increase access to local resources,  improving community resilience
Such projects have the opportunity to empower or disempower members of the public, depending upon access to and understanding of technology. Citizen Science
projects using GIS&T may help communities influence decision makers and support the gathering of large-scale scientific evidence on a range of issues. This may
also renew people’s interests in the sciences and foster continued and lifelong learning. 
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Topic Description: 
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5. Community Engagement and Public Participation
6. Volunteered Geographic Information and Evaluation of Data Quality
7. Knowledge Transfer and Continued Efforts
 
1. Definitions
Citizen Science: the the participation of non-professional volunteers in scientific projects (Dickson et al., 2010)
Volunteered Geographic Information (VGI): the harnessing of tools to create, assemble, and disseminate geographic data provided voluntarily by individuals
(Goodchild, 2007)
 
2. The Evolution of Citizen Science
2.1 Citizen Science is an area of interest that is quickly growing due to its inclusive practices and wide variety of meaningful projects. One of the oldest, the
Audubon Society’s Christmas Bird Count, which started in the 1900s – initially 27 dedicated ‘birders’, in 2012, the project reported a registered 63,000 participants
(Science Communication Unit, 2013). Ecological observation projects are well represented in Citizen Science because participants can collect data over wide
geographic scales, long temporal scales and on private property.
2.2 The level of involvement by participants in Citizen Science projects may vary based on the associated activities. Haklay (2015) provide a typology of Citizen
Science activities as follows:
Passive sensing: participants use their own resources (e.g. their phone) for automatic sensing to contribute data for analysis by scientists.
Volunteer computing: participants share unused computing resources (e.g. on their personal computer) with scientists to allow them to run complex computer
models during times when the device is not in use.
Volunteer thinking: participants contribute their cognitive ability, to recognise patterns and analyse information.
Environmental and ecological observation: participants monitoring and recording environmental pollution or observations of flora and fauna.
Participatory sensing: participants are actively involved with data collection and analysis, rather than those being entirely set and controlled by scientists.
Community/civic science: in this form, the problem, data collection and analysis are carried out by community members, sometimes in collaboration with
scientists.
2.3 Motivations for participation in Citizen Science projects may vary; Budhathoki, Nedovic-Budic and Bruce (2010) review motivations for the production of
Volunteered Geographic Information (VGI) (described in 6.1) and classified them as intrinsic or extrinsic (see Table 1). Intrinsically motivated participants consider
the activity a reward in itself, whereas extrinsically motivated ones may need to be incentivised through reward or coercion.
Intrinsic Motivation Factors Extrensic Motivation Factors
 Unique ethos  Career
 Learning  Strengthen social relations
 Personal enrichment  Project goal
 Self-actualization  Community
 Self-expression  Identity
 Self-image  Reputation
 Fun  Monetary return
 Recreation  Reciprocity
 Instrumentality  System trust
 Self-efficacy  Networking
 Meeting own need  Socio-political
 Freedom to express  
 Altruism  
Table 1. Possible Intrinsic and Extrinsic Motivation Factors for Providing Volunteered Geographic Information (VGI) (Budhathoki, Nedovic-Budic & Bruce, 2010)
In addition to positive motivations, Coleman, Georgiadou and Labonte (2009) note negative intentions that could act as motivation to participate. These could be to
cause mischief, creating scepticism or confusion around the content; to push an agenda, which may in be done by introducing biased or purposefully misleading
data; or with the purpose of malice and/or criminal intent for personal gain. Vigilance and healthy scepticism of data may help to target and avoid the spread of
misinformation. 
 
3. Designing a Citizen Science Project 
3.1 Shirk et al (2012) provide a framework for understanding the different types of Citizen Science projects in these areas and necessary elements of them. They
categorise citizen science projects into the five following models, based on degree of participation:
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Contractual projects – communities ask professional researchers to conduct a specific scientific investigation and report on the results
Contributory projects – generally designed by scientists and for which members of the public primarily contribute data or simple analyses
Collaborative projects – generally designed by scientists and for which members of the public contribute data but also help to refine project design, analyse
data, and/or disseminate findings
Co-Created projects – designed by scientists and members of the public working together and for which at least some of the public participants are actively
involved in most or all aspects of the research process
Collegial contributions – non-credentialed individuals conduct research independently with varying degrees of expected recognition by institutionalized
science and/or professionals
 
3.2 For the proposed models of citizen science projects, the framework that could be used for them, as put forward by Shirk et al (2012) considers the fundamental
question of “whose interests are being served?” The framework is based on five elements – Inputs, Activities, Outputs, Outcomes, and Impacts (which are all
elements of the Logic Model framework) – and is outlined in Figure 2. 
 
Figure 2. Framework for Public Participation in Scientific Research (reprinted with permission from Shirk et al., 2012)
 
To describe each of the elements of the model:
Inputs – the interests of both the public and scientific community, although some projects can be driven more by the scientists, while other be the public
Activities – the tasks necessary for development and management of the project (e.g. data submission/entry technologies, training materials, holding meetings
and events, etc.)
Outputs – observations, recorded as data, and the active experiences of making, facilitating, and/or analysing those observations or measurements
Outcomes – measurable elements, such as skills, abilities, and knowledge that result from the specific outputs of a project; these can be outcomes for science
(e.g. research findings), for individuals (e.g. knowledge), and those for socio-ecological systems (e.g. action).
Impacts – these are long-term and sustained changes that support improved human well-being or conservation of natural resources
In regards to engaging the public with these projects and across elements of the proposed framework, Shirk et al (2012) note that though this could be done across a
large geographic area, there is still a need to consider how to create and sustain a community of participants.
 
4. GIS&T for Citizen Science
4.1 GIS&T used for data collection and analysis of spatial information associated with locally relevant issues can aid Citizen Science projects, showing previously
unidentified patterns that may lead to new areas of inquiry. Use of standardised or calibrated tools to produce outputs may add a level of scientific validity to
reported occurrences through evidence and verification. It is possible for people to use their own geospatially-enabled devices (e.g. smartphone) to contribute data
for projects.
4.2 The inclusivity of Citizen Science projects can empower people who may have previously felt disenfranchised or unmotivated to contribute. Focus, though, must
be kept on the issues, rather than the GIS&T; some communities may not have access to the necessary technology, which may deepen potentially existing digital
divides and information access inequalities. It should be noted that these new GIS&T users might struggle learning to apply such tools. Easily understandable,
possibly bespoke, learning materials and toolkits may need to be distributed to those learning to use the technology, with the recognition that extra time may need to
be devoted to those having difficulties. Any materials should minimise on discipline-specific jargon or explain concepts that may be unfamiliar to learners, but is
necessary for use and understanding of tools.
 
5. Community Engagement and Public Participation Activities
5.1 A variety of methods to encourage and sustain engagement in Citizen Science projects with GIS&T exist, such as gamification of activities, crowdsourcing
initiatives, mapping parties, and hackathons. Gamification, known as the application of game-design elements and game principles in non-game contexts, could be
enabled in Citizen Science projects as a way of improving engagement through socialisation, competition and simply opportunity to discover new things (Bowser et
al, 2013). Another useful method of encouraging participation is crowdsourcing, which is defined as the process where individuals or organizations solicit
contributions from a large group of unknown individuals (“the crowd”) or, in some cases, a bounded group of trusted individuals or experts (Bowser & Shanley,
2013). Mapping parties may be held gathering people together to use paper and/or digital maps to crowdsource information and share it amongst participants or
otherwise. Those with the necessary technical skills may also be able to participate in Citizen Science hackathons, which is a model of mass collaboration where
volunteer software developers create new technologies, often as a one-off event with a prize or other reward (Bowser & Shanley, 2013).
5.2 When considering the use of GIS on Citizen Science projects, it must also be understood that the GIS goes beyond simply being a tool, but also becomes a
vehicle for transformative change, following the practices of Participatory GIS (PGIS) and Public Participatory GIS (PPGIS). PGIS is said to celebrate “… the
multiplicity of geographic realities rather than the disembodied, objective and technical ‘solutions’ which have tended to characterize many conventional GIS
applications.” (Dunn, 2007, p. 616). Similarly, PPGIS recognises the conceptual aspects of GIS as a tool that has the ability to be used to engage the public in
decision-making processes. This may be done through incorporating local knowledge, integrating and contextualizing complex spatial information, allowing
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participants to dynamically interact with input, analysing alternatives, and empowering individuals and groups (Sieber, 2006). With respect to local knowledge, the
ability to include this is one of the strengths of PPGIS, as “indigenous technical knowledge is normally more reliable, and maybe also be more accurate, because it
embodies generations of practical essential knowledge.” (McCall & Minang, 2005, p. 343).
 
6. Evaluation of Data Quality and Value
6.1 As with PGIS and PPGIS, the geographical information that emerges from citizen science projects is Volunteered Geographic Information (VGI). VGI is defined
as the harnessing of GIS&T tools to create, assemble, and disseminate geographic data provided voluntarily by individuals (Goodchild, 2007). This may be gathered
through the tools and techniques of engagement, previously mentioned, and should be structured in a way that captures the necessary information for the project as
well as metadata to improve robustness and verifiability of data (e.g. name of contribute, date, etc.). Any information deemed sensitive in nature should have
security permissions set to restrict access, upholding necessary agreements with data contributors and project coordinators.
6.2 Quality and degree of participation are both important factors that may not only affect participation, but also outcomes of the project. The quality of participation
is described as the extent to which a project’s goals and activities align with, respond to, and are relevant to the needs of the interests of public participants (Shirk et
al, 2012). The degree of participation is understood to be the extent to which individuals are involved in scientific research – from asking research questions through
analysing data and disseminating results. Linus’ Law is relevant to VGI, which suggests that as the number of contributors of data increases, so does the quality of
the products of the data (Neis & Zielstra, 2014). Therefore, increasing the quantity of participants, may subsequently also increase the quantity and quality of data
contributed.
6.3 Even with the collection of metadata and moderation, there may be concerns over the validity of data collected as part of Citizen Science projects. Recent studies
have also shown that data from volunteers are as reliable as from professionals (SciStarter.com, 2017); this may require reflection on the part of academics and
scientists to adjust their continued practices for use and understanding of such data sources. Regardless, to avoid issues, learning materials and training workshops
should ensure that those collecting the data are using the tools correctly and data should be periodically checked to ensure quality, removing occasional inaccuracies.
Data storage structures should also be designed to be compliant with internationally recognised standards, such as ISO19157 (International Organization for
Standardization, 2013), which establishes the principles around the quality of geographic data; this defines components for describing, measuring, evaluating, and
reporting on geographic data quality. Following this or similar standards will ensure when data are initially input they are done so in a way that facilitates their
completeness and compatibility with other datasets and systems, improving their reliability and trustworthiness.
 
7. Knowledge Transfer and Continued Efforts
7.1 Any and all developed analytical techniques, solutions and derived knowledge using GIS&T as part of the Citizen Science project should be shared with the
project participants at the end. It should be noted that people have an inherent tendency to trust maps, frequently more than they trust their spatial abilities to
navigate in space, but this trust is not always rational, given the complexity of GIS&T interfaces and spatial data. The types of collaborations and interactions that
are enabled via GIS&T interfaces in the context of data collection and analysis have the potential to improve trust, by minimising risk and uncertainty through
effective visualisation (Skarlatidou et al., 2013) and two-way communication. There is further evidence that these participatory processes with GIS&T can increase
trust, which in return may further improve trust within communities. As Goh (2002) suggests, trust may be further increased between participants and scientists or
experts via information sharing and support structures (e.g. technology, training, skill development, rewards and organizational design), which build knowledge
capacity and help maintain close relationships.
7.2 When working with communities, it is imperative to be sensitive to any cultural needs and foster mutual ownership of processes and products (Viswanathan et al,
2004). Involving the community in recruiting participants, designing and implementing activities, and interpreting findings may provide benefits such as greater
participation rates, increased external validity, decreased loss of follow-up, and increased individual and community capacity. However, this may also introduce
selection bias, decrease randomization, and may potentially lead to the selection of a highly motivated group that is not representative of the broader population
(Viswanathan et al, 2004). Researchers must bear these and other factors in mind when getting involved with a community, as they have a responsibility to project
participants to do no harm. If at any point the goals of the project are at odds with the community or its environment, the researchers have a duty of care to cease
activities that may be detrimental to project participants.
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Learning Objectives: 
Define Citizen Science, Crowdsourcing, Volunteered Geographic Information (VGI), Gamification and Hackathon
Discuss different types of Citizen Science activities (passive sensing, volunteer computing, volunteer thinking, environmental and ecological observation,
participatory sensing, community/civic science) and potential motivations (intrinsic and extrinsic motives) participants may have to engage with projects
Demonstrate an understanding of models of participation (contractual projects, contributory projects, collaborative projects, co-created projects, collegial
contributions) (Shirk et al., 2012).
Describe the five elements of the Framework for citizen science projects (inputs, activities, outputs, outcomes, impacts) (Shirk et al., 2012).
Discuss some positive (increased interest in science, innovations in GIS&T) and negative aspects (digital divide issues, purposeful misinformation) that may
affect people when using GIS&T in Citizen Science projects
Describe some methods of encouraging and sustaining engagement in Citizen Science projects using GIS&T (gamification, crowdsourcing initiatives,
mapping parties, hackathons)
Discuss ways of handling potential data quality issues associated with data collected through GIS&T on Citizen Science projects (moderation, checking data)
and the value of collected data (increased awareness and support, scales of possible data collection)
Discuss the benefits (greater participation rates, increased external validity, decreased loss of follow-up, increased individual and community capacity) and
drawbacks (selection bias, decreased randomization, unrepresentative groups) for community involvement in community-based participatory research 
Instructional Assessment Questions: 
1. How would you go about collecting initial information around a potential topic of interest for a Citizen Science project and what might be some ways of
presenting it to a community that would use GIS&T?
2. What might be some examples of culturally sensitive issues that may arise as part of a Citizen Science project that GIS&T tools would have to take into
account?
3. What methods could you employ to improve trust not only in the data collected by GIS&T tools on Citizen Science projects, but also with people to encourage
participation and contribution?
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